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Abstract 
The relationship between drift rates, benthos density, and food level for select taxa of 
stream invcrtebratcs was studied in an artificial stream system to dctermine if drift is 
independent of or dependent on population density, and if food level affects drift rates. 
Two taxa were introduced in a range of densities at a single level of periphyton food, and 
the drift from each density was measured. Four taxa were introduced in a range of densi- 
ties at low and high food levels, and the drift from each density at each food level was 
measured. The drift of all taxa, examined by simple linear regression analysis, at each 
food level was judged a density independent response to increasing population density. The 
drift of three taxa at a given density was significantly greater at the lower food level: 
it is suggested that increased activity in searching for food at the lower food level resulted 
in increased drift. 
Drift, the downstream displacement of 
animals normally inhabiting eroding sub- 
strates, is a widespread and naturally oc- 
curring process in streams throughout the 
world. Waters (1972) provided an exccl- 
lent rcvicw of published information on 
drift of stream insects, beginning with in- 
vestigations of Needham (1928) and con- 
tinuing through recent studies by Elliott 
( 1971) . My study was designed to dctcr- 
mine the role of benthos density and food 
level as a step in clarifying the function 
of drift in the life cycle of stream in- 
vertebrates. 
Miiller (1954) suggested a general hy- 
pothesis concerning the function of drift 
in invcrtebratc population dynamics, which 
he called the “colonization cycle.” As small 
larvae grow, competition for space results 
in increased drift and colonization of suit- 
able downstream habitats. Drift in this 
sense then functions as a density de- 
pendent agent of population regulation. 
Upstream areas would not be depleted be- 
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cause at low densities drift would also be 
low. Miiller also suggested upstream 
flight and oviposition of adults to com- 
pensate for downstream drift. 
Waters ( 1966) extended the colonization 
cycle hypothesis and suggested that at the 
beginning of a given generation of in- 
sects, when carrying capacity of the stream 
bottom has not been reached, density and 
production of benthos may increase with- 
out competition, As population density 
approaches carrying capacity, increased 
competition results in increased drift as 
a means of population control. Drift may 
then bc a function of production rate at or 
above the point whcrc carrying capacity 
is reached, or a function of the degree to 
which the carrying capacity is exceeded. 
Both hypotheses imply that drift is a 
density depcndcnt agent of population 
regulation. The means of regulation is 
competition for space, food, or both. The 
relationship of drift to benthic density is 
not well understood. Waters (1972) stated 
that with few exceptions there is no direct 
relation of drift to benthic density; how- 
ever, direct relationships bctwcen drift 
rate and density have been observed 
( Dimond 1967; Pearson and Franklin 
1968; Pearson and Kramer 1972; Reisen and 
Prins 1972; ILehmkul and Anderson 1972). 
Hughes ( 1970) is the only investigator 
who reported a direct relationship between 
drift and food supply: in an artificial 
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Fig. 2. Comparison of diel patterns of drift in 
the Pigeon River and artificial stream system (low 
and high food level) at comparable times of year. 
substrate from the Pigeon River (average 
gravel diameter about 10.2 cm) and 
spaced evenly throughout the channels. 
The drift nets used had a rectangular 
opening of 930 cm2, a bag length of 46 cm, 
and a mesh size small enough to retain the 
animals under study. 
The first experiments investigated the 
relation between drift and density at a 
single level of periphyton food. Substrates 
denuded of invertebrates but with normal 
stream levels of periphyton were placed 
in the holding boxes. Animals were col- 
lected from the Pigeon River either by 
placing gravel containing invertebrates in 
a holding channel or by hand picking select 
taxa from the substrate and transporting 
them in insulated ice chests to the holding 
channel. An experimental run consisted of 
introducing a range of densities for select 
Taxon Drift Equation n Sig 
One food level experiments 
Simuliidae D = 13.45 + 0.056 
density 8 0.902 
Hydro- 
psychidae D = 0.28 density 6 0.983 
Two food level experiments 
Ephemerella serrata ap. 
Low food 7.54 density 12 0.802 
High food D = 0.29 density 12 0.878 
E hemerella needhami 
+Fi%d- D 0 .51 density 8 0.984 
High food D 1 0.29 density 8 0.950 
Hydropsychidae 
Low food D = 0.36 density 8 0.997 
High food D = 0.22 density 7 0.960 
%%%@" ip= 0.13 density 12 0.803 
High food D = 0.13 density 12 0.802 
0.001 
0.001 
0.001 
0.000 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
individual taxa in a series of substrate 
boxes and measuring the drift from each. 
Animals were introduced during the day, 
and drift was measured every 15 min until 
the animals became established in the sub- 
strate. Density in the substrate was calcu- 
lated as the difference bctwcen the number 
of organisms introduced and the num- 
ber drifting from the substrate during 
establishment. No drift recorded after 15 
min indicated establishment. An experi- 
ment consisted of measuring the drift every 
hour from each substrate box during the 
night immediately following the introduc- 
tion and establishment of animals. 
A second class of experiments investi- 
gated the relation between density and 
drift at each of two periphyton food levels. 
A low food level was established by plac- 
ing dried substrates in holding boxes in 
one channel and allowing about 3 days for 
periphyton colonization. A high periphy- 
ton food level was established by placing 
dried substrates in holding boxes in a sec- 
ond channel enriched with 500 ppb total 
nitrogen and 100 ppb total phosphorus, 
and allowing about 3 weeks for coloniza- 
tion and growth. Stock nutrient solutions 
were prepared from commercial agricul- 
tural fertilizers, The procedure for col- 
lection and distribution of animals was 
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Fig. 3. Regressions of drift on density at a 
single food level for I-IydroDsychidac and Simuli- - -- 
idae, artificial stream studies. 
the same. An experiment consisted of in- 
troducing animals in a range of densities 
at each food level and measuring the 
drift for the night immediately following 
introduction, 
In the single food level experiments, the 
black fly ( S imuliidae ) and the caddis fly 
(Hydropsychidae) were used. In the two 
food level experiments, the relation of den- 
sity and drift was investigated for the may- 
flies Ephemerella neeclhami, Ephem.erella 
serrata gp., Tricoqthodes sp., and the cad- 
dis fly, The stream channel experiments 
were conducted in fall and summer 1971 
and summer 1972. 
Two simple linear regression analyses 
were performed for all experiments. The 
first regression used drift rate (NO. night-l) 
as the dependent variable and substrate 
density (No. 0.03 m-“) as the independent 
variable. The second regression used log, 
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Fig. 4. Hcgrcssions of drift on density at low 
and high food level for Ephemerella needhami 
and IIydropsychidae, artificial stream studies. 
Ephemerella needhami 
drift ( No. night-r) as the dependent vari- 
able. The best fit, linear or exponential, 
was determined on the basis of the highest 
R2. The intercepts for a regression were 
tested to determine if they were signifi- 
cantly different from zero. Statistical tests 
for observed differences in R2 were not 
performed. In the two food level experi- 
ments, regressions were compared at each 
food level through analysis of covariance. 
Drift was considered a density depcn- 
dent agent of population regulation if the 
percentage of standing crop lost as drift 
increases with increasing standing crop. 
Drift is considered density independent 
and not a regulating mechanism if the 
percentage of standing crop lost as drift 
remains constant with increasing standing 
crop. Thus in this analysis, if the best fit 
of the regression of drift on density is 
linear, drift is acting in a density inde- 
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Fig. 5. Regressions of drift on dcnsitv at low 
and high foocr level for Ephemerella sekata gp. 
and Trico&uxZes spp., artificial stream studies. 
pcndent fashion. If the best fit is exponen- 
tial, drift is acting in a density dependent 
fashion. 
Results 
To determine whether animals used in 
the artificial stream experiments were drift- 
ing in diel patterns similar to those in the 
natural system, I extended the two food 
level experiment for E. serrata gp. over 24 
hr and compared the diel pattern with a 
diel pattern of Baetis spp. observed in the 
Pigeon River at a similar time of year 
( Hildebrand 1973). A direct comparison 
of diel patterns for E. serrata gp. in the 
river and the artificial stream was not 
possible because this species emerged be- 
fore the August drift sample in the Pigeon 
River. At both low and high food levels, 
E. serrata gp. exhibited a night active pat- 
Table 2. F-statistic and level of significance 
for comparison of regressions of drift on density 
at low and high food levels, artificial stream 
experiments, 
Equality of regressions 
Taxon 
F n Sig 
Ephemerella serrata sp. 7.11 24 0.010 _~ 
Tricorythodes, sp. 0.54 24 0.590 
Ephemerella needhami 32.67 16 0.001 
Hydropsychidae 50.85 15 0.001 
tern with a single peak between 2200 and 
2400 hours. Baetis spp. exhibited a night 
active pattern with a major peak between 
2200 and 2400 and a minor peak of 0400 
(Fig. 2). With the exception of the minor 
peak at 0400 for Baetis spp., the diel pat- 
terns for the natural and artificial systems 
were similar. It was thus assumed that 
all animals in the channel experiments 
showed behavior patterns of activity simi- 
lar to those in the natural system. Sam- 
pling only at night was judged adequate 
since more than 90% of the 24-hr drift oc- 
curred at night. 
In the single food level experiments, the 
drift of Sirnuliidae and Hydropsychidae 
was judged a linear function of population 
density (Ta’ble 1; Fig. 3). The calculated 
regression lines for these taxa were signifi- 
cant at the 0.01 level (Table 1). 
In the experiments with two food levels, 
drift of E. serrata gp., Tricorythodes spp., 
E. needhami, and I-Iydropsychidae was 
judged a linear function of population 
density at both low and high food levels 
(Table 1; Figs. 4 and 5). The calculated 
linear regression for each of these taxa at 
low and high food levels was significant 
at the 0.01 level (Table 1). For E. serrata 
gp., E. needhami, and Hydropsychidae the 
regressions of drift on density at low and 
high food lcvcls were significantly differ- 
ent at the 0.01 level. At a given density, 
the drift for these taxa was greater at the 
lower food level (Table 2). For Tricorytho- 
des spp. the regressions of drift on den- 
sity at the low and high food levels were 
not significantly different at the 0.05 level 
(Table 2). At a given density for this 
taxon, drift at the low and high food level 
was not significantly different. 
Discussion 
Under the controlled conditions in the 
artificial stream system, the drift of all 
taxa examined was a linear function of 
population density. Drift was judged den- 
sity indcpendcnt (Table 1; Figs. 3-5) over 
a range of densities that reached or ex- 
ceeded the intraspecific densities of these 
taxa in the Pigeon River (Hildebrand 1973). 
The linear relation of drift to density ob- 
served suggests that intraspecific competi- 
tion for space is not a mechanism resulting 
in increased drift and population rcgula- 
tion for the taxa examined. Drift appeared 
to be a function of probability of dislodg- 
ment from the substrate, which was not 
affected by density. 
The drift of E. serrata gp., E. needhami, 
and Hydropsychidae was significantly 
greater at the low than at the high food 
level ( Table 2; Figs. 4 and 5). This sug- 
gests that increased activity in foraging for 
food at the low food level results in in- 
creased drift and conforms to the sugges- 
tions of Elliott (1967) and the findings 
of Hughes ( 1970) for Gammarus sp. The 
food habits of E. serrata gp., E. needhami, 
and Hydropsychidae were not determined; 
however, Ephemerella aestiva, Epheme- 
rella dorthea, Ephemerella subvaria, and 
Ephemerella spp. feed on algae (Coffman 
1967; Minckley 1963; Chapman and De- 
mory 1963). I have assumed that the two 
Ephemerella taxa examined in this study 
use periphyton directly as a food source. 
Hydropsychidac in nature are primarily 
filter feeders on various types of algae 
(Minckley 1963; Chapman and Demory 
1963). At least one species has been rc- 
ported to be largely carnivorous (Coffman 
et al. 1971). D uring the short duration of 
my experimental runs, Hydropsychidae 
did not establish the nets that they use in 
filter feeding; I have assumed that they 
feed directly on periphyton in the absence 
of nets. 
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influenced by food level (Table 1; Fig. 5). 
The explanation for this may be that TT~- 
corythodes sp. is primarily a detritivorc 
and does not use periphyton directly as 
a food source. Koslucher and Minshall 
(1973) report that during summer up to 
85% of the gut contents of Tricorythodes 
minutus consists of detritus. 
The relation observed between drift and 
food level suggests that intraspecific com- 
petition for food may bc a mechanism re- 
sulting in increased drift and population 
regulation. Since only two food levels were 
tested, it was not possible to determine if 
drift was related to food level in a density 
depcndcnt or density independent fashion. 
If the carrying capacity of a stream system 
for benthic invertebrates is related to avail- 
able food, the observed response of drift 
to food level supports the hypothesis of 
Waters (1966) that drift is a function of 
the degree to which carrying capacity is 
cxceedcd. 
References 
BENSON, N. G. 1953. The relationship among 
certain ecological conditions and trout popu- 
lations in the Pigeon River. Ph.D. thesis, 
Univ. Mich., Ann Arbor. 143 p. 
CHAPMAN, D. W., AND R. DEMORY. 1963. Sea- 
sonal changes in the food ingested by aquatic 
insect larvae and nymphs in two Oregon 
streams. Ecology 44 : 1401146. 
COFFMAN, W. P. 1967. Community structure 
and trophic relations in a small woodland 
stream, Linesville Creek, Crawford County, 
Pennsylvania. Ph.D. thesis, Univ. Pittsburgh. 
573 p. 
K. W. CUMMINS, AND J. C. WUYCHECK. 
19+1. Energy flow in a woodland stream 
ecosystem: 1. Tissue support trophic struc- 
ture of the autumnal community. Arch. Hy- 
drobiol. 68 : 232-276. 
DIMOND, J. B. 1967. Evidence that drift of 
stream benthos is density related. Ecology 
48 : 855-857. 
ELLIOTT, J. M. 1967. Invertcbratc drift in a 
Dartmoor stream. Arch. Hydrobiol. 63: 20% 
237. 
-. 1971. The distances traveled by drift- 
ing invertebrates in a Lake District stream. 
Oecologia 6 : 191-220. 
The drift of Tricorythodes sp. was not 
HILDEBRAND, S. G. 1973. The role of benthos 
density and food level in the drift of stream 
invertebrates. Ph.D. thesis, Univ. Mich., Ann 
Arbor. 93 p. 
HUCI-FES. D. A. 1970. Some factors affecting , 
Drift related to density and food level 957 
drift and upstream movements of Gammarus 
pulex. Ecology 51: 301-30,5. 
KOSLUCIIE~, D. G., AND G. W. MINSHALL. 1973,. 
Food habits of some benthic invcrtcbratcs in 
a northern cool-desert stream (Deep Creek, 
Curlew Valley, Idaho-Utah). Trans. Am. 
Microsc. Sot. 92: 441-452. 
LEHMKUEIL, D. M., AND N. II. ANDERSON. 1972. 
Microdistribution and density as factors af- 
fecting the downstream drift of mayflics. 
Ecology 53 : 661-667. 
MINCKLEY, W. L. 1963. The ecology of a spring 
stream, DOC Run, Mcade County, Kentucky. 
Wildl. Monogr. II: 1-124. 
MUELLER, K. 1954. Investigations on the organic 
drift in North Swedish streams. Rep. Inst. 
Preshwatcr Rcs., Drottningholm 35 : 133-148. 
NEEDI-IAM, I’. R. 1928. A quantitative study of 
fish food supply in selected areas. N.Y. Con- 
serv. Dep., Suppl. Annu. Rep. 17: 192-206. 
PEAHSON, W. D., AND D. R. FRANKLIN. 1968. 
Some factors affecting the drift rates of Bae- 
tis and Simuliidac in a large river. Ecology 
419: 75-81. 
-, AND R. II. KRAMER. 1972. Drift and 
production of two aquatic insects in a moun- 
tain stream. Ecol. Monogr. 4#2: 365-385. 
REISEN, W. K., AND R. PRINS. 1972. Some cco- 
logical relationships of the invertebrate drift 
in Pratcrs Creek, Pickens County, South Car- 
olina. Ecology 53: 866-884. 
WATEXS, T. F’. 1966. Production rate, popula- 
tion density, and drift of a stream inverte- 
brate. Ecology 47: 595-604. 
-. 1972. The drift of stream insects. 
Annu. Rev. Entomol. 17: 253-272. 
Submitted: 20 March 1974 
Accepted: 10 June 1974 
